Introduction
was no significant difference observed among the other three treatments (Fig. 1C ).
7 6
NaHS treatment only provided a very slight and not significant promotion in shoot 2 7 7
dry weight compared with respective controls in both inoculated and non-inoculated plants (RM GLM, F = 0.973, P = 0.392; F = 2.986, P = 0.089) (Fig. 1D ). Taken   2  7  9 together, these results demonstrated that NaHS treatment promoted the growth of 2 8 0 soybean seedlings, especially the growth of soybean roots under symbiotic conditions. We counted the number of nodules on each harvested soybean root at 7, 14, 21, 28, but also the N fixation ability of these nodules. Nase activity assay which was significantly increased Nase activity in root nodules (RM GLM, F = 22.874, P = 2 9 0 0.007) (Fig. 2B ). The AR ability showed significant increase compared with the 2 9 1 control, these results suggested that H 2 S stimulated soybean nodulation and enhanced
the N fixing potential of the soybean-rhizobia symbiotic system.
9 3
Additionally, another phenotypic analysis of infection events was conducted to
further delineate the effect of NaHS treatment on soybean nodulation. Root hair
curling, infection threads, and nodule primordia formed during the nodulation process were observed and counted ( Fig.2C and Fig. S4 ). At 5 DPI, more root hair curling and developing infection threads were found in NaHS-treated soybean roots (Fig. 2C ).
9 8
However, no significant difference in number of cortex infection threads and nodule 2 9 9
primordia were found between NaHS-treated and untreated soybean roots. At 7 DPI,
cortex infection threads in NaHS-treated soybean roots were more abundant than 3 0 1 those in untreated controls (Fig. 2D ). In addition to enhanced nodulation in To confirm that the observed changes were caused by the H 2 S released from NaHS,
we used an H 2 S-specific fluorescence probe to measure the amount of endogenous
H 2 S in soybean plant tissues including lateral root, main root, and nodule.
Endogenous H 2 S was measured in different soybean tissues after loading with the
sulfidefluor-7-acetoxymethyl ester (SF7-AM) probe ( Fig. 3 and Fig. S3 ). Before
NaHS treatment, the observed low fluorescence intensity indicated a low
concentration of endogenous H 2 S in these tissues ( Fig. 3G-I ). After treatment with Due to the drastic increment of fluorescent intensity by the NaHS treatment, we may The expression of nodA, nodC and nodD genes of S. fredii was examined to verify
whether NaHS treatment could also induce the symbiotic reaction in rhizobia. In this were significantly induced by NaHS treatment (RM GLM, F = 5.617, P = 0.036; F = 4 1 0 11.338, P = 0.021) (Fig. 8H, I ). Though the relative expression levels of nodA was 4 1 1 also up-regulated in the NaHS-treated soybean nodules, but the difference failed to 3.336, P = 0.069) (Fig. 8G) . treatment period than that in control plant (RM GLM, F = 7.136, P = 0.047) (Fig. 9A ).
2 3
However, the promotion of GmNiR expression was only significantly up-regulated by 4 2 4
NaHS treatment from 5 to 28 DPI (RM GLM, F = 10.391, P = 0.029) (Fig. 9C) .
Moreover, NaHS treatment also up-regulated the expression levels of GmSAT1 and
nifH (RM GLM, F = 4.027, P = 0.041; F = 3.913, P = 0.046) (Fig. 9D, F during the entire treatment, they were slightly up-regulated by NaHS treatment at 2.782, P = 0.210) (Fig. 9B, E) . NaHS has been used as an exogenous H 2 S donor to study the physiological effects
of H 2 S in many studies (Tamizhselvi et al., 2007; ; using the specific SF7-AM probe ( Fig. 3 and Fig. S3 ). symbiotic conditions with the S. fredii (Fig. 1) . In the inoculated soybean plants,
NaHS treatment increased the root length and dry weight of roots (Fig. 1A, C) . This Kalloniati et al. (2015) suggested that N-fixing nodules may act as source of reduced Table S1 . Nucleotide sequences of primers used in the qRT-PCR assay.
6 3 7 Table S2 . qRT-PCR programs used for relative expression assay of target genes. 6 3 8 Figure S1 . Effect of different concentrations of NaHS treatment on cell growth of 6 3 9
Sinorhizobium fredii. with and without NaHS treatment.
6 4 4 Figure S4 . Light microscopy analysis of infection events in soybean roots. Values are means ± SE (n = 9). 
